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HERBICIDE RESISTANT PLANTS 

This invention relates to herbicide resistant 
maize plants and mutant gene sequences providing 
said resistance. The invention further relates to 
plants containing said gene sequences and the seed 

5 and progeny of the plants* 

The purpose in providing crop plants which 
resist the action of a herbicide is to facilitate 
the destruction of weeds growing between the plants 
by the overall application of a herbicidally 

10 effective concentration of a herbicide which would 
destroy the crop plant in its normal, that is 
herbicide sensitive, state. Such resistant plants 
are also useful for use in a locus of any short 
term carry-over of herbicide from a previous crop. 

15 Methods are known by which populations of 

plants may be obtained which contain a great number 
of random mutations. Such methods include tissue' 
culture techniques where spontaneous somaclonal 
variation occurs in the presence or absence of a 

20 mutagen. By applying to the cultures some form of 
selection pressure it is possible to recover cells 
which resist that pressure. Depending on the plant 
species it is sometimes possible to regenerate 
whole plants from the resistant cells. Such tissue 

25 culture selection methods have been used in the 
past to select for resistance to herbicides. 

Neuffer and Coe [waydica XXIII (1978) 21-28; 
page 21} have described a procedure for corn 
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(maise) pollen mutagenesis using mutagens suspended 
in light paraffin oil, followed by pollination of a 
recipient plant with the mutagenized pollen* As 
reported , there is no indication that any attempt 

5 was ever made to locate and isolate commercially 

important mutants and, although it is said that the 
resulting plants were examined for mutants, no- 
details are given as to the properties of any 
mutants which may have been found, probably by 

10 visual inspection o 

In Slant Breeding Soviets B 0 pages 39 to 180 9 
Bird and Neuffer review the uses of mutagenic 
processes to produce variation in maiseo Pollen 
mutagenesis is discussed at pages 150 and lil. 
. 15 Pollen autageneseis gives a- relatively high 
frequency of variation in the generation 
compared with other available procedures « However, 
no suggestion is made in respect of the us© of 
pollen mutagenesis, for generation of mutant© which 

20 display resistance to' herbicide action 0 Section 
121 (page 149) describes some of the difficulties 
of the use of mutagenesis as a source o2 genetic 
variation • One important aspect is the method by 
which the population of putative mutants is 

25 screened for useful pheno types'. 

Our co-pending International" Patent 
Application dumber PCT/GB 90/007S3 describes and 
claims maise plants which are resistant to the : 
effects of imidazolinone and/or sulphonyl urea 

30 herbicides o These plants were produced by a pollen 
mutagenesis method and §re surprisingly free from 
deleterious mutations which would be expected from 
a procedure such as chemical mutagenesis which is 
generally considered to act randomly 0 
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Although mutagenesis or somaclonal variation 
may provide plants of a particular species which 
are resistant to a selected herbicide, the 
resistant trait cannot be transferred to other 
o 5 plant species ■ Nor, indeed , can the trait be 

transferred to other plant varieties within the 
same species without an extended and difficult 
breeding programed <> 

European Patent Application Number 257, 9§3 
10 discloses a general scheme of mutations to the gene 
encoding acetolactate synthase which aire said to 
confer resistance to the sulphonylurea class of 
herbicidQS« 

An object of the present invention is to 
4 15 provide genetic material for using in imparting 
herbicide resistance to plantSo 

According to the present invention there is 
provided a DMA encoding a mutant acetolactate 
synthase and having the nucleotides s®gu®ne© shown 
20 in Figure 24 or 25 of the dreeing© herewith, and 
variations thereof permitted by the degeneracy of 
the genetic cod@ 0 

A plant DMA having a nucleotide sequence 
having homology with that shorn in Figure 1 and 
25 whi&h contains a mutation at a position equivalent 
to number 171 in Figure 24 and/or number 1888 in 
Figure 25o 

A plant DMA comprising the Agal to Stu l or the 
Xhol to Stu l restriction fragment sho^n in Figure 
30 24 or the xho l to Msp Hl restriction fragment shown 
in Figure 25, and variations in said DMAs as 
permitted by the degeneracy of the genetic code D 
♦ Plants, particularly maise plants, which 

contain said DMAs stably integrated within their 
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genomes. 

The invention also provides seeds and progeny 
of the said plant which have been produced by 
crossing of the plants of this invention with other 
maize plant lines. 

The mutant DNAs of this invention may be 
isolated from seeds deposited on 8th May 1989 with 
the National Collection of Industrial & Marine 
Bacteria/ Aberdeen, United Kingdom, under the 
Accession Numbers NCI MB 40137 and 40136. Each of 
these deposits is a genetic mixture of maize seeds, 
segregating mutant and non-mutant seeds. The 
mutants are heterozygous for the gene conferring 
herbicide resistance. Mutant plants may be derived 
from these seeds by growing under the conditions 
described below under the heading "Screening" in 
the presence of the herbicide imazethapyr . 

The plants of this invention are known to be 
resistant to certain members of the imidazolinone 
family of herbicides, for example, imazethapyr 15- 
ethyl-2-( 5-iso- propyl-5-methyl-4-oxo-2-imidazolin- 
2-yl) nicotinic acid: (Trade Mark PURSUIT, American 
Cyanamid)]. Cross resistance to herbicides of the 
sulphonylurea family, chlorsulfuron, for example, 
might have been expected on the basis of reports in 
the literature and the fact that acetolactate 
synthase is the site of action of both the 
imidazolinones and the sulphonylureas. However, we 
have found, quite unexpectedly that the resistance 
conferred by the genes of this invention is 
specific to the imidazolinones in general and 
PURSUIT particularly. Any tolerance which the 
plants may have of the sulphonylureas is 
insignificant. 

A detailed exposition of the molecular basis 
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of the resistance to the sulphonylurea herbicides 
is given in European Patent Application 257,993 
(E.I. Du Pont de Nemours and Company). Isolation 
of imidazolinone-resistant maize from tissue 
5 culture is reported in United States Patent Number 
4,761,373 (Molecular Genetics Inc.). Various plant 
species and several herbicides are reported in the 
literature as having been used in tissue culture 
processes to isolate resistant mutants. 
10 In comparison, source of the genes which are 

the principal subject of this invention have been 
isolated from maize plant to which the resistance 
mutations have been introduced by mutagenesis of 
pollen by a chemical mutagen. Selection was 
15 effected directly on the seeds formed after 

fertilisation with the mutagenised pollen either by 
treatment of the seed pre-emergence or at the 
seedling stage, or both. 

Certain advantages accrue from the use of 
20 pollen mutagenesis as a method of creating mutants 
rather than the more usual method of relying on 
somaclonal variation to produce the variation. In 
order that somaclonal variation may occur it is 
required that a culture of plant tissue be 
25 established. This requirement restricts the choice 
of genotype which may be used as it is not always 
possible to regenerate whole plants from the 
cultured tissue. On the other hand, mutagenised 
pollen may be applied to any recipient* maize 
30 genotype, including commercially important and 

well-established elite breeding lines. Also the 
rate of occurrence of undesirable mutations which 
somaclonal variation is known to produce is 
unexpectedly reduced. 



© 



Full details of the resistance and the manner 
in which it is created are given- in our 
International Patent Application No 5CT/GB90/00753 
relevant portions of which are quoted below 0 The 
" 5 present invention is based largely on- DMA sequence 
data of the genes present in our mutants numbered 1 
and 2 as described in the said International 
Application 

International latent Application m- ge?/Ga90/007S3 

10. Selection is carried out at at the 

gene rati on , with the result that only dominant 
mutations are selected * Also, being carried out on 
whole plants or on the seed pre-emergenee, or both, 
allows the herbicide concentration to mimic the 

15 field conditions more closely than is possible with 
the application of the selection pressure of the 
herbicide to a tissue culture o Xn the tissue 
culture selection method, whole plants have to be 
regenerated from the tissue and grown to Maturity 

20 before any indication of the performance ©2 the 
progeny under field application rates of the 
herbicide can be obtained . In our method, 
selection is made - directly on the plants under 
concentrations of herbicide which are comparable to 

25 those which are recommended for normal weed«killing 
activity in the field . ' Selection on the H 2 
generation, as with the tissue culture method, 
selects recessive mutations as well as dominant 
traits o Dominance of a desirable trait is 

30 generally viewed as more useful and easier to 

handle in a breeding programme especially of hybrid 
crops o 

We believe that the mutants selected under 6 
herbicide pressure vary according to the particular 
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member of the herbicide family which is used. All 
of our mutants were selected under pressure of 
imazethapyr. Had a different imidazolinone 
herbicide been used, a different spectrum of 
5 mutants would have been selected. 

We have found, quite surprisingly, that the 
mutants which we have isolated by the method of the 
invention are free of deleterious mutations. This 
was entirely unexpected and the reason for this 
10 advantage is not entirely clear. We believe, but 
do not wish to be bound by this explanation, that 
the degree of control which we are able to exercise 
over the selection step, using carefully controlled 
rates of application of the herbicide , for 
15 example, giving a good overall and uniform rate of 
exposure, may be responsible. 

The invention will now be described by the 
following summary of the method by which the 
herbicide- resistant plants of the invention were 
20 derived. 

The Figures which accompany this application 
are as follows: 

Figure 1 is a flow-chart showing the 
derivation of several generations of progeny from 
25 plants generated by this invention; 

. Figure 2 shows the chemical structures of the 
herbicides used in this invention; 

Figure 3 is a graph of ALS enzyme activity in 
the presence of imazethapyr. The enzyme is 
30 extracted from plants heterozygous for the 
resistance gene; 

Figure 4 is a graph of ALS enzyme activity in 
the presence of imazapyr. The enzyme is extracted 
from plants heterozygous for the resistance gene; 



Figure 5 is a graph of ALS ensyme activity in 
the presence of imasaguin,. The ensyme is extracted 
from plants heterozygous for the resistance gene? 
Figure 6 is a graph of ALS ensyme activity in 
5 the presence of chlorsulfuron<> The ensyme is 
extracted fro© plants heterozygous for the 
resistance gene; 

Figure 7 is a graph of ALS ensyme activity in 
the presence of chlorimurono The ensysae is 
10 extracted from plant© heterozygous for the 
.resistance genes 

Figure 3 is a graph of ALS ensyme activity in 
the presence of thiacarburono The ensyme is 
extracted fro© plants heterozygous for the 
15 resistance gene? 

Figure 9 is an ensysae activity graph of the 
activity of ALS extracted fro® ieav@§. of progeny of 
• mutants 1 and 2 which are homosygous for the 
resistant allele and in th® present©© of imasethapyr 
20 (PUR8UX7)! 

Figure 10 is an ensym© activity graph of the 
activity of ALS extracted fro© leaves of mutants 1 
and 2 which are hoaosygous for the resistant allele 
and in the presence of imasaguin (SCEPTE&)$ 
25 Figure 11 is an ensyme activity graph of *the- 

activity of ALS extracted from leaves of mutant© 1 
and '2 which are homozygous for the resistant allele 
and in the presence of imasapyr (ARS2NAL); 

Figure 12 is an ensyme activity graph of the 
30 activity of ALS extracted from leaves of mutant© 1 
and 2 whieh are homozygous for the resistant allele 
and in the presence of chlorsulfuron (GLEA&); 

Figure 13 is an ensyme activity graph of the 
activity of ALS extracted from leaves of mutants 1 
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and 2 which are homozygous for the resistant allele 
and in the presence of chlorimuron (CLASSIC) °, 

Figure 14 is an enzyme activity graph of the 
activity of ALS extracted fro® leaves of mutants 1 
5 and 2 which are homozygous for th® resistant allele 
and in th© presence of thiacarburon (HARMONY) ? 

figure 15 is an enzyme activity graph of the 
activity of ALS -extracted fro© leaves of mutants 1 
and 2 which are homozygous for the resistant allele 
10 and in the presence of a triasolopyrimidine? 

Figure IS is an enzyme activity graph of the 
activity of ALS extracted from leaves of mutants 1 
and 2 -which are homozygous for th© resistant allele 
and in the presence of a phenossypyrimidine? 
£5 Figure 17 is a dose response curve for the 

herbicide imazethapyr <?URSUXT)y 

Figure 18 is a dose response curve for th© 
herbicide iaazaquin (SC2?T2B)i 

Figure 19 is a dose response curve for the 
20 herbicide chlorimuron (CLASSXC)? 

Figure 20 is a dose response curve for th© 
herbicide ehlorsulfuron (GLEAN) } 

Figure 21 is a dose response curve for a 
ts^azolopyrimidine herbicide* 
25 \ Figure 22 is a dose response curve for a 

phe^ossypyrimidine herbicide, 0 and. 

Figure 23 is a dose response curve for th® 
herbicide imazethapyr (PURSUIT) for mutant© 1 and 2 
in both heterozygous and homozygous £orm©o 
30 1. PRODUCTION OF Ml SEED 

A stock solution of ethyl methane sulphonate 
(EMS) was made up to contain one millilitre of EMS 
in 100 ml of light paraffin oilo The stock 
solution was stored under ref rigeration 0 
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Fresh pollen grains with anthers were 
harvested from a total of twenty tassels of field 
grown maize inbred line UE95. Pollen grains were 
separated from the anthers using a Glassine (Trade 
Hark) bag. 

Around 3 milligrams of pollen were added to 45 
millilitres of the EHS stock solution in a 60 ml 
capacity bottle. The pollen/EHS solution mixture 
was shaken vigorously for 30 seconds then shaken 
four or five times every three minutes over a 
period of 40 minutes, to prevent precipitation of 
the pollen grains. The treated pollen grains were 
brushed on to the silks of the detasseled inbred 
female parent (coded UE95). 

The plants were grown to maturity, and the Ml 
seeds harvested. 
2. SCREENING 

HI seed was sown, 100 seeds per tray, in WCB 
growing medium (low organic matter, 45% loam, 55% 
grit) and sprayed to 'run-off using a track 
sprayer, with a solution of imazethapyr ( PURSUIT) 
at a concentration calculated to be the equivalent 
of 250 g/ha of active ingredient ? The seeds were 
covered with 0.5 inch of WCB and grown in the 
glasshouse at 25°c. ^ 

The chosen application rate was such that 
germination was close to 100%, but subsequently all 
susceptible plants were severely affected. 
However, after about two weeks, the initial effect 
of the herbicide became apparent: thin striped 
leaves and reduced height of only about 20% of the 
height of the control plants. After three to four 
weeks almost all the sensitive plants were 
completely dead. Unsprayed UE95 plants were always 
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grown in parallel with each screen as a control as 
it nas already known that normal and Hi seedlings 
of UE95 are almost indistinguishable when 
germinated and grown to maturity without spraying. 

5 3c SELECTION AND GROWTH 

A total of ton plants (representing 0o01% of 
the total) were initially selected from the screen 
as exhibiting tolerance of normally lethal dosages 
of the herbicide o Mutant ftOo<9 was subsequently 

10 found to be of the sensitive phenotyp© and wag 
withdrawn fro© the program©© 0 Of the regaining 
nine, the majority were morphologically siailar to 
the untreated control plants after selection but 
four were affected, being shorter and exhibiting 

15 other herbicidal effects» Samples of seeds of 
these nine plants back-crossed to the parent 
(Mutants I to 10, excluding B90o4) ar© those which 
have been deposited with the National Collection of 
Industrial and marine Bacteria (see ?abl@ 1 above )<> 

20 4o EtFLg STUDY 

in order to confirm that the sibling plants 
were Indeed of UE95 genotype in origin and not an 
intrinsically more resistant contaminating inbred 
or hybrid , RFLF (restrietien fragment length 

25 polymorphism) fingerprinting analysis was performed 
on SNA extracted from leaf tissue from all ten 
plants o 

Approximately 1 to 5 grams of leaf tissue was 
removed from each plant (ranging in age from four 
30 weeks to 'mature') , DNA extracted and EFLF analysis 
performed using diagnostic single copy probes „ 

HFLP analysis confirmed that the selected 
plants were of the UE95 genotype o 
So SEGREGATION STUDY 
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Resistant plants were used in reciprocal 
back-crosses with homozygous, herbicide sensitive 
UE95. The frequency of resistant progeny in the 
M 1 BC 1 or M l BC 2 generations was found by treatment 
with imaaethapyr and counting the survivors. The 
results are shown in Table 2 below, along with the 
calculated value of x 2 (for a l?i ratio). 

As can been seen from the figures quoted in 
Table 2 e the ratio of resistant to sensitive plants 
in the progeny of the baekcross is not 
significantly different froa isl far all ©£ the 
mutants except numbers 3 and 7, indicating that 
resistance is controlled by a single dominant gene. 
TABLE 2 



Mutant 
Mo. 




Number 
tested 



223 
206 
168 



Number 
sensitive 



168 
188 
168 
134 



110 
120 
94 
36 
139 
88 
83 
73 



Number 
resistant I 



2 



X 

(for Isl) 



22 


0.40 


118 


0.28 


86 


S.61 


74 


2.38 


24 


2.40 


29 


72.00 


100 


0.77 


85 


0.0f~ 


71 


0.03 



* The resistance of these mutants te iaaaethapyr 
is low and it was therefore difficult te sake a 
meaningful assessment in this experiment but, 
experience in other tests indicates that segregation 
is in the region of 1:1. 

6. GENERATION OF Wl SEEP FROM RESISTANT PLANTS 

All ten plants identified in the screen were used 
in reciprocal sib-crossing with UE95 plants to give 
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seed (designated MjBCj ) , that is, the resistant plants 
were used as both male and female donors. 
7. RESCREENING OF THE PROGENY SEED 

From each resulting cob, a small sample of seed 

5 was screened for imazethapyr (PURSUIT) resistance, 

employing the same conditions as are described above 
for the initial screen. 

Resistant and sensitive phenotypes segregated in 
the progeny of each resistant plant. 

10 8. PRODUCTION OF FURTHER GENERATIONS 

Referring to Figure 1, the M^BC^ plants were self 
pollinated to give generation M^BC^ which was again 
self-pollinated to give MjBC^Sj. From that generation 
it was possible to identify, by the fact that the 

15 resistant trait is non-segregating, lines which are 
homozygous for the trait. These homozygous lines 
derived from Mutant No.l may be utilised for the 
production of Fl hybrids which possess resistance to 
the imidazolinone herbicides or for further breeding 

20 work. 

9. ENZYME ASSAYS 

Seeds of generation H 1 BC 1 MjBCj of the nine 
mutants were sprayed pre-emergence with the herbicide 
imazethapyr (PURSUIT) (Trade Mark) at a rate ofj£50 

25 g/ha and grown in a growth chamber (16 hour day, 27°C; 
8 hour night, 17°C). Plants were harvested after 11 
days. 

Four grams of leaf material were harvested from 
just above the first leaf axis and ground in a mortar 
30 and pestle in 20ml of a solution containing 40mM 

Tricine (Trade Mark), l&mM EDTA, 5mM pyruvate, 80 */M 
flavin adenine dinucleotide (FAD), ImM dithiothreitol 
(DTT), pH 8, plus 0.8g Polyclar AT. The homogenate 
was pressed through four layers of muslin and 



centrifuged at 30,000g for 20 minutes <, 

The supernatant was brought to 65% saturation 
with ammonium sulphate, left to precipitate for 30 
minutes and then centrifuged at 30»000g for 20 
5 minutes o The pellet was resuspended in 2o5ml of 40mH 
Tricine, lOmB EDTA, 5mM pyruvate, FAD, 25% (v/v) 

glycerol 9 IwM DTT, pH 8, and desalted into 3, 5ml of 
40mS& Trieine, lOmM EDTA, 25.5 (v/v) glycerol, laH DTT, 
pS So 

10 One hundred microl&tres of the ensyiae extract 

was used for each assay*. Final reagent concentrations 
-we res 120m£3 Tricine, SOaBS pyruvate-, 10-snH HgClg, 66m& 
FAD, 93//H thiamine pyrophosphate (TP?). 9 pS 8, in the 
presence or absence of a herbicide of interest, in a 

15 volume of 750 jt/L Incubations were carried out at 
37 ®C for 30 minutes 9 Reactions were stopped with 
250^1 of 1 0 84E1 sulphuric acid, and decarboxylation of 
the acetolactate carried out at 37°C for 75 minutes, 
or at 60 9 C for 30 minutes <> Assay blanks* had sulphuric 

20 acid added prior to the ensyme extracts T© the ' 
samples and blanks 650/t/l of ©«naphthol in 2o73£2 
NaOH/Ool6S(w/v) creatine were added followed by 
incubation at 37®C for 30 minutG© 0 After 
centrifugation at 30,000g the optical density of the 

25 supernatant was read at 540nm o *^ 

The assay procedure described was carried out on 
ALS ensyme extracted from each o£ the nine mutants for 
the following herbicides s 
imasethapyr (PURSUIT) 

30 imasapyr (ARSENAL) 
imasaquin (SCEPTER) 
ehlersulfuron (GLEAN) 
chlorimuron (CLASSIC) 
thiacarburon (HARHONY) 
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The ensysie activity graphs are given as Figures 3 
to 80 In addition, homozygous lines of xautants 1 and 
2 which were selected from generation H^BC^S^, were 
also tested against the same group of herbicides and 
5 against representatives of the triaaolopyriaidines and 
phenoseypyriai dines. The results ar® shown in Figures 

9 to 16 o The cheaical structures of these herbicides 
are shown in Figure 2 of the accompanying drawings* 

10 o ASgggS^lWT OF imimTiow 

10 Fro© the ensy©© assay data it is possible to 

derive, as a saeasure of the degree of inhibition 
the factor £9 505 for each sautant and for each 
herbicide o This factor is indicative ©f the 
herbicide concentration which gives 50% inhibition 

15 of the ALB activity in comparison with the 

wild-type control 0 It is also possible to derive 
the fold increase in resifBfcane@ 0 These 
calculations are are given in Tabid 3 belowo 
TABLl 3 

20 ZH&3gTH&£Y£i ( heterozygous autants) 





1950% 


I Fold 








I Isaerease 




Wild type 


1.5 | 




Mutant 1 


>1000 


>660 




2 


230 


153 




3 


2.5 


2 




5 


125 


83 




6 


60 


40 




7 


4 


3 




8 


>1000 


>660 




9 


425 


283 




10 


15 


10 





IMAZAPYS (heterozygous mutants) 



Plant 


XD50S 


Fold 




i/M 


Increase 


Wild type 


3 




Hutanfc 1 


>1000 


>333 


2 


540 


A O w 


3 


4 




5 


300 


lOt) 


9 


5 


2 


7 


10 


3 


8 


>1000 


>333 


9 


>1000 


>333 


10 


35 


12 



IHA2AQUIN~( heterozygous" mutants ) 



?lant 


IDS0% 


fold 






Increase 


Wild type 


0.6 




Mufcaat 1 


150 


250 


2 


20 


33 


3 


1.5 


2 


5 


25 


42 


• 6 


1.5 


2 


7 


1 


2 


i 


150 


250 


9 


50 


S3 


10 


7 


12 



CHLORZftUROft (heterozygous mutants) 



Plant 



Wild type 



XD50S 



increase 



3o7 



Mutant 1 


5 


1 


2 


10 


3 


3 


15 


4 


5 


17 


5 


6 


15 


4. 


7 


5 - 


1 


8 


10 


3 


9 


10 


3 


10 


. 17 


5 
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CHLORSULFUSON (heterozygous sautants) 



plant 


ID50% 


- Fold 




rm 


Increase 


wild type 


18o5 


— — — — — — 


Mutant 1 


65 


4 


2 


65 




3 


35 


2 


5 


40 


2 


6 


65 




7 


8 


1 


8 


75 




9 


50 


3 


10 


3S 


2 



TH2ACARBUROW (heterozygous mutants) 



Plant 


ZD50% 


Feld 






Increase 


Wild type 


42.5 




Hutarat 1 


55 


1 


2 


320 


8 


3 


85 


2 


5 


340 


8 




45 


1 


7 . 


25 


1 


i 


40 


1 


9 


45 


1 


10 


390 


9 



Similar calculation were made for 



^daozygous mutants 1 and 2 only, the results' 
being given in Table 4 below.. 



9 



TABLE 4 



MUTANT 1 (homozygous) 



Herbicide 


ID50% 


Fold 




Wild 


Mutant 








>lfflH 




X ma s e fchaiovjr 




7 50 




Imagaguin 




175pH 


292 




3.7nM 




2o7 


Chlorsulfurora 


18o5n61 


60 MS 


3„2 




42 0 Sara 


4DaH 


nil 



HUTANT 2 (homosygous) 



Herbicide 


Wild Mutant 


Fold 

increase 


Xmasapyr 




675^SJ 


22S 


Imasethapyr 




267 


Xm&s&guin 






Chlorimuron 


3.7nH 


20^58 




Chlorsulfuron 




40nlH 


2 0 2 


Thiacarburon 


<82o5a$ 


360n£2 


8o5 


Triasole- 
x " pyrimidin© 




0ol2^K 


1.7*^" 


. Phenesey- 

pyrimidin© 


0o03m&S 


0o45mH 


22o5 



11= CROSg-RESS STANCE TESTING 



0 

The seeds used in this screen were populations 
of mixed tolerant and sensitive seed, segregating 
Isl, derived from each "Of the heterogygous, 
tolerant mutants crossed with homozygous 9 sensitive 
UE95o All of the tolerant progeny are heterozygous 
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10 



15 



20 



25 



for tolerance. Each of the mutants identified 
above were used except mutant 4. The controls were 
seed of self-pollinated UE95 which was pollinated 
in the same year as the tolerant lines. 

One litre of compost was placed in each seed 
tray of dimensions 19cm x 11cm x 5cm deep and 
firmed down flat. Two furrows 1 cm deep were drawn 
in the surface of the compost in each tray and six 
seeds were sown in each furrow (total twelve seeds 
per tray). Some trays were sown with 24 seeds, in 
which case three furrows were made and 8 seeds sown 
per furrow. 

In each test each tray contained either the 
seed of one mutant or of the UE95 control for each 
herbicide application rate and for the untreated 
control. 

Five different types of ALS-inhibi tor 
herbicides were tested on the mutants plus 
imazethapyr (PURSUIT) as a comparison. Four rates 
of each were applied; approximately O.lx, 0.5x, lx 
and 4x the estimated field rates for each 
herbicide. The rates are the same for mutant 3 to 
10 but higher rates for chlorimuron (CLASSIC) and 
lo#er rates for chlorsulfuron (GLEAN) were applied 
to i mutants 1 and 2. 

The following herbicides, with their estimated 
field application rates were used: 



The rates of application used in the screening 



chlorimuron (CLASSIC) 
chlorsulfuron (GLEAN) 
imazaquin ( SCEPTER ) 



B -13 g/Ha 
4 -26 g/HA 



triazolopyrimidine 
phenoxypyrimidine 
imazethapyr (PURSUIT) 



100 -150 g/Ha 
10 - 30 g/Ha 
100 - 200 g/Ha 
70 - 140 g/Ha 



tests were as follows: 

chloriauron (CLASSIC) 4,20,40,160 g/Sa (mutants 1 
and 2) j and, 8,40,80,320 g/Ha (mutants 3 to 10)? 
chlorsulfuron (GLEAN) 5,25,50,200 g/Ha (mutants 1 

5 and 2) ? and, 1,5,10,40 g/Ha (mutants 3 to 10)? 
imazaquin (SCEPTESt) 30,150,300,1200 g/Ba? 
triasolopyrimidine 5,25,50,200 g/Ha? 
phenoxypyrimidirae 10,50,100,400 g/Ha? and, 
imazethapyr (PURSUIT) 30,150,300,1200 g/Ha 

10 triasolopyrimidine and ph@noxypyriaidine 

were formulated in an adjuvant rotting agent known 
as JF5969 end diluted with water to make a final 
concentration of 105 JF5969. She remaining 
compounds were diluted with water only. 

15 T «® spray jet and parameters were as decribed 

above under "SCREENING* . After spraying, the seeds 
were covered with 0 o S litre of compost and firmed 
down flat (2.5cm covering) and grown und©r the 
condition! described under B SCagIBJS856 a above. 

20 Visual assessments were made of the plants 

after four weeks growth. Each plant was scored on 
a scale of zero to 5 and the height measured from 
soil surface to the tallest leaf tip. The scoring 
scale was as follows s 

25 ''0-0 to 10% damage (little or no herbicidaf* 

effect) 

1 - 11 to 25% damage 

2 - 26 to 50% damage 

3 - 51 to 85% damage 

30 4 - 81 to 95% damage 

5 - 96 to 100% damage (complete death of the plant) 

In carrying out these assessments, plants 
which were obviously of the sensitive phenotype 
were ignored ( approximately 50% of the plants). 
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Plants scoring 0, 1 or 2 were recorded- and 
potted on into larger pote and grown to maturity. 

The results are shown in Figures 17 to 22. 
Figure 23 shows a comparison of the results 
5 obtained as between heterozygous and homozygous 
plants. 

12. INTERPRETATION OF THE RESULTS 

The data generated for the heterozygotes by 
the enzyme assays and the dose response curves on 
10 the living plants, do not correlate precisely. To 
those skilled in the art, this will not be 
particularly unexpected. However, there is a 
general correlation in the sense that the general 
level of resistance shown in enzyme assays tends to 
15 be reflected in the glasshouse studies. Of course, 
the criteria for deciding what constitutes a useful 
mutant varies according to the herbicide, or 
spectrum of herbicides and the rate of application 
of the herbicide with which one is dealing and the 
20 relatively rich diversity in the spectrum of 

cross-resistance displayed by the mutants of this 
invention is seen as an advantage rather than an 
undesirable variation, allowing, as it does, 
selection of a mutant for the circumstances of t ^ 
25 intended use. For example, although a particular 
mutant may display relatively low resistance 
compared with the others against a particular 
herbicide this may make it eminently useful for 
providing plants which are intended to tolerate 
30 only small amounts of herbicide, for example, to 
resist a "carry-over" effect. 

With this in mind, it is therefore possible to 
categorise the mutants on the basis. of the enzyme 
assays and the glasshouse tests into "strong 91 . 
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"intermediate" f "weak" and "zero" resistance groups 
for each herbicide. This classification is 
summarised in Table 5 below. 
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TABLE 5 



IJikZETHAPYR 


MJTANT NUHBSS 




Ensyrae Assay 


Dose Response 


Strong 


1,8,9 


1,5,8,9 


intermediate 


2,5,10 


2,6,10 


Weak 




7,3 


Ze ro 






IMA2APYR 
Strong 


1,2,5,8,9,10 


no data 


Interfiled! at© 


6.7 


no data 


Weak 


3 


no data 


Zero 






I&A2AQUIN 








Ensysae Assay 


Dose Response 


Strong 




1,2,8,9 


Intermediate 


2,5 


5 


Weak 


3,6,7,10 


3,6,10 


Zero 






CHLORSUL FUHON 






St rone 


Enzyme Assay 1 


Dos® aespons® 


Ymfrc&irraoarii £a o& 

& at tie & ulte U «3» <S1 tie 




3 




1,2,3,1,6,8,9,10 


S,7,9,10 


Zero 




H D (S & © 1 /Hi 










Ensyme Assay j 


Dose Eesponse 


Strong 


— 




Intermediate 


10 




W W (Bl Jfe 


1,2,3,5,6,7,9 


3,10 




8 


1,2,5,6,7,879 


TBIACA&SiraON 








Enzyme Assay j 


Dose Response 


Strong 




no data 


Intermediate 


2,5,10 


no data 


Weak 


1,3,6,8,9 


no data 


Zero 


7 


no data 
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TABLE 5 (continue 
TRIAZOLOPYRIMII 

Strong 

Intermediate 

Weak 

Zero 


>d) 
)INE 

Enzyme Assay 

no data 

no data 

no data 

no data 


Dose Response 
3 

1,2 

7,8,9 

5,6,10 


phenoxypyrimid: 

C rnnn 

Intermediate 
Weak 


:ne 

Enzyme Assay 

no o*a^a 

no data 
no data 
no data 


Dose Response 

2,5,7 
3, B, 9, 10 
1,6 



13. PLANT BREEDING 



The mutated lines of the present invention can 
be used in common with various second parent lines 
to produce herbicide resistant hybrids. 

5 Material from the homozygous lines may be 

entered into a breeding programme involving further 
outcrossing, selfing, visual selection and 
herbicide screening in order to produce a range of 
new herbicide-tolerant hybrid seed. 

10 The herbicide resistance trait can be 

transferred to new lines by the described mutation 
breeding approach or by conventional breeding 
practices, using selection for herbicide 
resistantce as described hereinabove. Biochemical 

15 and molecular screeing techniques are also 

available to those skilled in the art to aid the 
process. The use of genetic engineering techniques 
are readily conceivable to isolate and transfer the 
resistance gene. 

20 The objective of a breeding preogramme may 

simply be the beneficial transfer of herbicide 
resistance or may be more complex, involving 
concurrent improvement of agronomic performance. 

The foregoing represents the state of our work 

25 at the date of filing of the said International 
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Application . The description which now follows is 
relevant to the invention which is the subject of 
the present application,, 

14° Determination of the maize ALS wild-type gene 
5 sequence 

A homologous maize gen© probe was generated by 
PGR using data from the published literature 
(European Patent Application Mo 0 257,993) which, it 
is to be noted contains only a partial g@q^®ne© 0 
10 The prob© sequence was cloned into plassaid p2gl03 
using standard laboratory cloning procedures 

Two CDMA libraries, both constructed in A-2&P 
were screened with the insert fro© pXI103o These 
were (i) a pre-existing saaise Ug§5 root CD88& 
15 library and (ii) a four-week ©Id UE95 plant leaf 
cDMA library* 

?zou an initial screening of 163,00® plague© 
using the pxg!03 probe , twelve clones w©r© plague 
purified and in vivo Qascised to generate p&agesaids 
20 (plassddsjo These wre designated SI, R2, R3, M 9 
as, R9, R12, »17, R18, m2Q and R21. All were 

confirmed, by sequencing, to represent ALS gene©, 
although ©est were truncated at an geoRi site 
internal to the coding region (s@© Figur© ?)g im<* 
25 fact only one, R21, contained coding sequence 
upstream of this restriction site, 

R21 was fully sequenced by ra oligo walking 0 , 
using plasmid sequeneing e The eomplet© (>2kb) m& 
sequence was thereby obtainedo 
30 15o Screening of the leaf library and sequencing 
of L3 

Over one million plaques of a leaf DMA library 
were screened with pIE103 probe? only seven 
positives were recovered of which only three (LI, 
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L2, L3) hybridised to the ALS-9 probe . Sequencing 
of the 3 p -non-translated regions of these clones 
indicated thqt each fell into one of two distinct 
classes which were designated Class 1 and Class 2. 

5 Ml ALS clones analysed can be classified as 

either Class 1 or Class 2 on the basis of their 3' 
non-translated regions. Class 1 contains LI and 
all the R clones mentioned above and Class 2 
contains h2 and L3o 

10 Confirmation of this work was given when - 

European Patent Application Number 369*75-0 was 
published in which the complete genomic ALS 
sequences iroia different mais© line (known as 
Funk 2717) were giveno Our Classes 1 and % 

15 corresponded very closely indeed to the classes CI 
and C3 in the said application* 

Clone L2 was -found to be truncated 9 L3 was 
chosen as a representative o2 a UBS 5 wild type 
class 2 ALS gen© for sequencing* Sfa® ©satir© geao 

20 can be. spanned by fourteen sequencing primers 

although so®® further sequencing wa© required to 
resolve ambiguities, particularly in thm GC-rieh 
. 5^-regiono 
16 o wild-type gene sequence comparisons 

25 A summary of maise ALS gene* Classes .1 an^2 ff 

characteristics is as follows? 
Length of coding regions 1914 bp 
Translation products 633 amino acids 

°698d H 

Homology? 

approx 
945 at DMA level in 
coding region but very 
reduced in 5! and 3* 
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non-translated regions 
UE95 vs Funk 2717 16bp differences in 

(Class 1 ALS sequences) coding region resulting 

in four amino acid 
5 differences >99% 

homology 

A comparison of the 3 'non-translated regions 
of the US95 Classes 1 and 2 type of genes showed 
that there is homology but the two genes are 
10 clearly distinguishable . Xndeed, w class-speeif ie w 
oligonucleotide probes can be designed based on the 
sequence os this region*, 

17 o Determination of the mutant ALS gene sequences 
Homozygous seed of Pursuit-resistant \3E9B 

15 mutants 1 and 2, were sprayed with Pursuit and the 
leaf material harvested*, cDNA libraries were 
constructed and screened with the ALS-9 probe e Two 
clones frosa mutant 1, and four clones fro© sautant 2 
were plague purifiGdo All were Class 1 AE.S genes „ 

20 Representative clones were selected for each 

lines 

Mutant 1 a clone lb 
Mutant 2 ° clone 2j 
HG^ line o clone &d 

25 \ Each of these clones was sequenced with 

existing primers . Single base mutations were found 
in mutants 1 and 2 when the sequences were compared 
with the wild-type gene (R21) Isee Figure 26) . 
18o Sequence of Hutant 1 

30 A single base mutation was detected towards 

the 5' end of the coding region (indicated by an 
asterisk in Figure 24) . This mutation, of guanine 
to adenine transition, results in an alanine to 
threonine substitution*. 
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Such a mutation has been previously reported 
as conferring resistance to the sulphonylurea 
herbicides but our mutant 1 possesses no such 
resistance * 

5 19o Sequence of Mutant 2 

The sequence here showed a single base 
mutation fro® the wild-type o A guanine to adenine 
transition 52 bases froa the 3* end of the coding 
region (indicated by an asterisk in Figure 25) 

10 result© in a serine to asp&ragin© substitution in 
the aain© acid sequence^ 
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CLAIMS 



A DNA encoding a mutant acetolactate 
synthase and having the nucleotide sequence 
shown in Figure 24 or 25 of the 
drawingsherewith, and variations thereof 
permitted by the degeneracy of the genetic 
code . 

A plant DNA having a nucleotide sequence 
having homology with that shown in Figure 1 
and which contains a mutation at a position 
equivalent to number 171 in Figure 24 and/or 
number 1888 in Figure 25. 

A plant DNA comprising the Apa l to Stul 
or the xho l to Stu l restriction f ragnent^shown 
in Figure 24 or the Xho l to Nsp Hl restriction 
fragment shown in Figure 25, and variations in 
said DNAs as permitted by the degeneracy of 
the genetic code. 

A plant which contains, stably integrated 
within its genomes by transformation, a DNA as 
claimed in any of claims 1 to 3. 
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Seeds of the plant claiaed in claira 

Progeny of the plant claiaed in claim 4 
which are produced by crossing the said plant 
with another maise plant line,, 

& DN& coding for a siutant aeetolaetat© 
synthase isolated f rosa a seed deposited on 8th 
May 1980 with the National Collection of 
Industrial fi Marine ©aeteria, Aberdeen, United 
Kingdom, under the Aeeeggi®a Etober© 
€0137 and <80136 o 
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EMS mutagenesis of 
UE95 pollen 



Mutagenised pollen 
x UE95 



100,000 HI seeds screened in glasshouse by 
pre-emergence spraying vith Pursuit at 250g/ha 



Surviving plants transplanted and grovn to maturity 



BACK-CROSSES 
Tolerant male x UE95 female 
UE95 male x Tolerant female 
(M1BC1) 



Individual cobs labelled » 
ten seeds from each cob 
rescreened by pre-emergence 
spraying vith Imazethapyr 



I 



RFLP analysis to 
confirm genotype 



Confirmation of inheritance 

1 



i 



Introduction into breeding programme 



r 



I 



Self-pollination 
(K1BC1S1) 



I 



1 



Back-Cross 
(M1BC2) 



Self-pollination 
(H1BC1S2) 



I 



Self-pollination 
(H1BC2S1) 



Select homozygotes 



I 



Self-pollination 
(H1BC2S2) 



Select h omozygotes 



FIG. 1. 
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COOC 2 H 5 
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OCH. 



OCOCH 
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CH 3 0 
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PHENOXYPYRXMXDXNE 
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RESPONSE OF LEAF ALS TO "GLEAN" 
HOMOZYGOUS. NON-SPRAYED 



□ Wild Type 
♦ Homozygous 1 
O Homozygous 2 




0.2 



CU 0.6 
mM 'GLEAN' 



0.8 



12 



FIG.1 

110 
100 



RESPONSE OF LEAF ALS TO 'CLASSIC 
HOMOZYGOUS. NON-SPRAYED 




0.4 0.6 
mM'CLASSIC 



jUBSTiitute sheet 
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FIG.K. 

RESPONSE OF LEAF ALS TO 'HARMONY" 
HOMOZYGOUS, NON-SPRAYED 




mM 'HARMONY' 



SUBSTOTUTil SHEET 
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RESPONSE OF ALS TO A PHENOXYPYRIMIDINE 
NON-SPRAYED 




F 



PHENOXYPYRIMIDINE mW 

1 6. RESPONSE OF ALS TO A TRIAZOLOPYRIMIDINE 

NON-SPRAYED 



o Wild Type 
* Homozygous 2 




0.2 0.4 oJ 0.8 

HERBICIDE CONCENTRATION uM 



rU ©STATUTE SHEET 
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